Knowledge of adaptive processes encompasses understanding of the emergence of new 33 genes. Computational analyses of genomes suggest that new genes can arise by domain 34 swapping, however, empirical evidence has been lacking. Here we describe a set of nine 35 independent deletion mutations that arose during the course of selection experiments with the 36 bacterium Pseudomonas fluorescens in which the membrane-spanning domain of a fatty acid 37 desaturase became translationally fused to a cytosolic di-guanylate cyclase (DGC) generating 38 an adaptive phenotype. Detailed genetic analysis of one chimeric fusion protein showed that 39 the DGC domain had become membrane-localised resulting in a new biological function. The 40 relative ease by which this new gene arose along with its profound functional and regulatory 41 effects provides a glimpse of mutational events and their consequences that are likely to play 42 a significant role in the evolution of new genes. 43 44 45 46 100 capture. Intriguingly, this class was defined by eight independent deletions each of which 101 caused a translational fusion between two adjacent genes. As we show here, these fusions 102 define new genes that are chimeras between a membrane-localised fatty acid desaturase and 103 a cytosolic di-guanylate cyclase (DGC).
(referred to as fadA) consists of a FAD region encoding a predicted fatty acid desaturase at residues 11 to 246. 'TNP' is a predicted transposase element (DDE_Tnp_ISL3 family) at residues 261 to 389. The neighbouring pflu0183 (referred to as fwsR) encodes a predicted PAS fold (of the PAS_3 family) at residues 68 to 157, and a predicted GGDEF domain at residues 174 to 331. The putative FadA protein contains two transmembrane domains (TMDs) between residues 10 to 32 and 135 to 157 as predicted by the 'TMHMM server v2.0' (Krogh et al. 2001) . Dashed lines represent the deletion that defines FWS 2, 39, 47 and 58. $;'9. 9*,,:6.4.9*=-9-. 156. =,5. ,:.
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The fadA-fwsR fusion
157
Pflu0183 encodes a predicted di-guanylate cyclase (DGC) henceforth referred to as 'fwsR'.
158
FwsR forms a predicted protein of 335 residues in length with a predicted PAS fold and a 159 GGDEF domain at the C-terminus ( Figure 1A 
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Translational fusion of FadA to FwsR is necessary for FWS2
255
The alternate hypothesis, namely, that the translation fusion is itself necessary to generate 256 FWS2 was next tested. This was achieved by construction of a fadA-fwsR fusion in which 257 translational coupling was eliminated: 182 bp between the stop codon of fadA and the ATG 258 start codon of fwsR were deleted and replaced by stop codons (one in each reading frame).
259
The in situ ribosome-binding site (RBS) of fwsR was left intact to allow translation initiation of 
378
In many respects, these events mirror those inferred from comparative studies responsible for 
427
Biochemical studies are required to explore these possibilities, but discovery that the DGC 
